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Dilute Nd in simple cubic LaBg shows electrical resistance and specific heat features at low temperature
consistent with a Kondo scale of Tx < 0.3 K. Nd has a well-localized 4% J = 9/2 Hund’s rule
configuration which is not anticipated to be Kondo coupled to the conduction electrons in LaBgs. We
conjecture that the unexpected Kondo effect arises via participation of 4 f quadrupolar degrees of freedom

of the Nd crystal-field, ground-state quartet.
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The Kondo effect underpins a broad range of correlated
electron behavior, [1,2] including exotic superconductivity
in 4f and 5f intermetallics, [3] but is unexpected in
materials with well-localized f levels. Spin interactions
of 4 f-electrons with conduction states are normally either
of the Heisenberg exchange or of the Cogblin-Schrieffer
type. The former exchange is ferromagnetic and arises
from the Coulomb interaction in conjunction with the
antisymmetry of the wave function. It scales with the so-
called de Gennes factor, (g — 1)2J(J + 1) (where g is the
gyromagnetic ratio and J is the total angular momentum of
the state), and manifests itself in the Curie-Weiss magnetic
susceptibility, spin disorder scattering in the electrical
resistivity, and the depression of superconducting transi-
tion temperatures, for isostructural rare earths with well
localized 4 f levels. Ce and Yb do not follow this scaling in
most cases (as of course divalent Eu does not as well),
because their exchange is of the Cogblin-Schrieffer type,
[4] coming from the hybridization of the 4f levels with
conduction electrons, leading to an antiferromagnetic ex-
change, the general condition for the development of the
Kondo effect at low temperature. The 4f levels of Nd3*
impurities in a metal are deep and only slightly hybridized
[5]. The exchange interaction is expected to be of the ferro-
magnetic Heisenberg type and, for this reason, the Kondo-
like features for Nd impurities in LaBg we report in this
Letter are surprising. What is essentially an old and well
understood phenomenon makes a new appearance in LaByg:
Nd which is both unexpected and needing explanation.

The rare earth hexaborides crystallize in the CaBg sim-
ple cubic structure which can be pictured as a CsCl
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arrangement of Bg octahedra and rare earth atoms. The
boron network requires two electrons to form a closed shell
configuration, leaving one conduction electron per unit cell
in the hexaborides formed by trivalent rare earths. This
electronic description has been well confirmed by band
structure calculations [6] as well as extensive de Haas—van
Alphen measurements [7-9], and agrees exactly with Hall
effect measurements [8,10]. NdBg is a Ty = 8.6 K type I
antiferromagnet. The 4/ J = 9/2 crystal field scheme
for the full cubic site symmetry of the Nd ion has
been determined by both inelastic neutron [11] and
Raman scattering [12] experiments to be a ground state
I'; quartet, with the I'} quartet and I'y doublet lying at
135 and 278 K above the ground state, respectively. An
analysis of the temperature dependent specific heat using
this magnetic level scheme, in addition to the lattice spe-
cific heat of LaBg, led to the surprising conclusion that the
electronic specific heat of NdB¢ above T, equaled
90 mJ/mole Nd K? [13]. This has prompted the investiga-
tion of the single ion properties of Nd dissolved in the
isoelectronic, isostructural host LaBg reported here. We
find that Nd diluted in simple cubic LaBg exhibits electri-
cal resistance, magnetic susceptibility, and specific heat
features at low temperature, which are consistent with a
Kondo scale of Ty = 0.3 K. We argue that quadrupolar
interactions between the 4 and the conduction electrons,
which give rise to the formation of the spin singlet, are
most likely responsible for this behavior.

All measurements were performed on single crystals
grown from Al flux using high purity elemental rare earth
from the Ames Laboratory. Specific heat measurements
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using the relaxation method were carried out down to
approximately 0.3 K in a commercial setup for the 0 =
moH =9 T magnetic field range. Magnetic susceptibility
measurements were performed in a commercial supercon-
ducting quantum interference device magnetometer for
temperatures down to 2 K, and in a homemade Hall mi-
croprobe magnetometer installed in a *He setup for the
lower temperature range. The four-probe resistivity was
measured to low temperature in a He cryostat or in a
PPMS system. Contact leads (25 um gold wire) were
soldered to the samples using pure indium. In our experi-
ments, we used a dc (less than 1 mA) or low-frequency ac
current. We etched the crystals in concentrated HCI to
clean the surfaces before performing our measurements.
We measured electrical resistivity, magnetization and
heat capacity on La;_ Nd, B¢ single crystals for 0 = x =
0.06. In order to avoid any uncertainty in the Nd content,
the very same samples were used in all experiments. The
Nd compositions in the LaBg crystals were in general quite
different from the nominal charge compositions. Therefore
the Nd concentration was determined from low-
temperature susceptibility and magnetization measure-
ments, such as shown in Figs. 1(a)-1(c), using the crystal
field scheme determined by neutron and Raman scattering
in NdBg. Since the effective moments for the I'3 and I'g are
quite close, nearly the same Nd composition would be
determined from the susceptibility measurement assuming
either ground state. The specific heat measurements con-
firmed unequivocally that the ground state of Nd ions in
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FIG. 1 (color online). (a) Low-temperature magnetic suscepti-
bility for La;_,Nd,Bg (x = 0.0095) single crystal. A y «
— In(T) variation is shown for T < 1 K. (b) M(H) at T = 2 K
for various La; _,Nd,Bg single crystals. (C) xinit/X versus x at
various temperatures. (d) The measured nonlinear susceptibility
x> times T2 at low temperatures.

LaBg is the I'Z quartet as in pure NdBg. Figure 1(c) shows
that the initial susceptibility y;,; of our samples has no
term proportional to x?. Neither we find such term in the
saturation magnetization which varies linearly with the Nd
composition. We conclude therefore that the concentration
of magnetic pairs or clusters, which usually give rise to the
x? variation of magnetization, is negligible in our samples,
[14] in agreement with electron microprobe results. On the
other hand, the induced magnetization in the paramagnetic
state is M = y,;H + y;3H> + ..., where the nonlinear sus-
ceptibility y; probes quadrupolar fluctuations as shown for
several rare-earth compounds [15,16]. The measured y;
for La;_ Nd,Bg¢ single crystals is shown in Fig. 1(d). Its
behavior points unequivocally to the importance of the
quadrupolar interactions as discussed below.

A Kondo rise in the low-temperature resistivity p of
dilute La;_,Nd,B¢ can be seen in Fig. 2. The comparison
with the LaBg resistivity data, also shown in Fig. 2, rules
out that the minimum in p at approximately 10 K arises
from impurities in the source material. Beyond this tem-
perature, the resistivity of diluted alloys varies with T as
that of the pure LaBg sample. This indicates that the
structural disorder is alike in all samples, and gives rise
roughly to the same residual resistivity. The magnitude of
the low-temperature rise in resistivity Ap, plotted in the
inset of Fig. 2, is 3 w{) cm per mole Nd. For the well
studied case of La;_,Ce, B¢ the value per Ce is 50 times
larger, [17] where Tx = 0.86 K [18]. The excess resistivity
goes nearly as A — BT'/? which points to non-Fermi
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FIG. 2 (color online). Electrical resistivity for La;_ Nd,Bg
single crystals. The main panel shows the temperature depen-
dence of the electrical resistivity for La,_ Nd, B¢ single crystals
in zero magnetic field. The Kondo contribution to the resistivity
in the low-temperature region is shown in the inset. How this
contribution varies with Nd content x is plotted in the inset of the
inset.
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liquid-like behavior. We observe the rise in the resistivity
for a very small Nd-doping only (x = 0.03) as shown in the
inset of Fig. 2. With increasing x, one might expect suffi-
cient strain in La;_,Nd,B¢ to lift the degeneracy of the
ground-state quartet. If the fourfold degeneracy is central
to the presence of the Kondo features found in these
alloys, then the effect should strongly weaken with Nd
concentration.

In panels (a) and (b) of Fig. 3 we show the T-dependence
of the specific heat (C) of dilute La;_,Nd,Bg¢ for the x =
0.0095 and 0.0295, respectively, in addition to isomorphic
nonmagnetic LaBg. The strong dependence of C on H at
the lowest T is brought about by the Nd ions. This magnetic
contribution (C,,) superposes on the lattice contribution at
higher temperatures, which is given by the data for LaBg
compound. Furthermore, the electronic specific heat seen
in LaBg (linear term C; = T in Fig. 3) should be expected
to contribute likewise to La, _,Nd,Bg. Therefore, C,,(T, H)
is easily obtained by subtracting C of LaBg from the total C
of La;_,Nd,Bg. Thus, by taking the integral [§’(C,,/T)dT,
the magnetic entropies (S,,) are calculated and depicted in
panels (¢) and (d) of Fig. 3 for x = 0.0095 and 0.0295,
respectively. For uoH > 1 T, C,,(T, H) is well within our
experimentally accessible temperature window. Indeed,
extrapolating linearly C,,/T as T — 0 K yields an S,
content for 7 =< 0.3 K that is less than 2% of the total §,,
content. For H = 0, the lack of experimental C,, for T <
0.3 K has been taken into account by matching the limiting
S,, at high T with the value obtained from the in-field data.
After scaling §,, to the proper Nd concentration, one can
see that there is an entropy of R In(4) per mole Nd involved
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FIG. 3 (color online). Specific heat for La;_,NdBg single
crystals. Top panels (a) and (b) show the temperature dependen-
cies of the experimental specific heat C for LagggosNdg o995Bs
and Lay 9705Ndg 0295 Bg single crystals, respectively, along with C
of the isomorphic LaBg, at various magnetic fields, as labeled.
Bottom panels (c) and (d) show how the excess (magnetic)
entropy S, per Nd ion, normalized to the gas constant R, varies
with temperature for the same single crystals as in (a) and (b),
respectively.

in the excess specific heat of La,_,Nd,Bg above that of
LaBg, indicating that (i) the 4f> ground state is compen-
sated by the conduction electrons and some other effects as
T — 0 K and (ii) the ground state is a quartet, as is Ce in
La;_,Ce, B¢ [19]. Assuming that about half of the zero-
field entropy of a Kondo system is reached at the character-
istic temperature 7'y, the development of S,, in panels (c)
and (d) would suggest that T is of order of =< 0.3 K for the
samples studied.

The zero-field magnetic contributions of Nd ions to the
specific heat (C,,) are shown in the top panel of Fig. 4. The
dominant Schottky-type feature is seen to broaden and shift
downward as x decreases from 0.0295 to 0.0095. By apply-
ing a magnetic field, these specific heat contributions gain
height and get narrower, being no longer dependent on the
Nd concentration for any field higher than 1-2 T (Fig. 3).
For pwoH =6 T, we clearly distinguish two separate
anomalies in C,, (bottom panel of Fig. 4), which we
associate with the two doublets into which the I' quartet
splits in a magnetic field. They have different g factors,
depending on the angle of the field with the crystallo-
graphic axis. The exact value of the g factors for Nd also
depends on the crystalline field splitting of the ion. For Nd,
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FIG. 4 (color online). Magnetic specific heat for La;_,Nd, Bg
single crystals. Top: Temperature dependencies of the experi-
mental zero-field magnetic specific heat (C,,) per Nd ion for
Lay 9905Ndg 0095 Bg and Lag 9795sNd 0295B¢ single crystals, respec-
tively. The same data, plotted as C,,/T vs. log(T), are in the
inset. Bottom: Magnetic specific heat for Lagg705Ndg 0205Bg
single crystal between 0.3 and 20 K at various magnetic fields,
as labeled. Solid lines are fits to the Schottky anomalies for the
corresponding fields.
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and for the field along (100) direction, the ratio of the g
factors is 2.94/1.92 = 1.7, using the Lea-Leask-Wolf table
forJ = 9/2 and x = —0.90 [20]. This is very close to what
we obtain from a fitting of the Schottky four-level specific
heat to the experimental LaB4:Nd data at ugH = 6 and 9 T
(solid lines in Fig. 4).

The observed behavior agrees with the following pic-
ture. Neglecting the possibility of a hybridization between
the localized and conduction states, leaves us only with the
ferromagnetic Coulomb exchange. We ascribe the Kondo-
like phenomena to the coupling of the conduction electrons
with the quadrupolar momentum of the Nd sites. Because
the magnetic degrees of freedom strongly couple with the
quadrupolar ones, the degeneracy is lifted at 7T = 0. A
sufficiently high magnetic field and increasing x break
the Kondo-like coupling.

The distance between Nd ions is not very large for the x
values considered and is a random variable. Hence, in zero-
applied field, the Nd ions are not totally independent but
see each other. It is therefore expected that the interaction
between Nd ions leads to an internal field that locally splits
the F% ground-state, according to a distribution whose
width decreases with the increase of the Nd concentration.
This interferes with the Kondo-like screening and leads to
a distribution of “Kondo temperatures”: Ty differs at
every site or locally in a region covering several unit cells.
Both effects reduce the height of C,, and make the ‘““Kondo
resonance’’ broader. Assuming that (i) for 7 < Ty the
specific heat of an individual ion is proportional to 7/Tk,
and (ii) the distribution of T is reasonably flat, then
C,,/T « In(Ty/T), where T, in an average of Tk (see inset
of Fig. 4) [21]. Similarly, the low-temperature zero-field
susceptibility is proportional to In(7,,/T) [see Fig. 1(a)]. A
distribution of Kondo temperatures can also explain such
behavior. The susceptibility for an individual ion for 7<Tk
is proportional to 1/T. A flat distribution of T then again
leads to y o« — In(7) [21]. This agrees with our data. The
excess resistivity Ap o« T'/2 over nearly a decade of tem-
perature is also indicative of non-Fermi-liquid behavior.

‘We should stress that the estimated value of T ( < 0.3 K)
marks no more than a characteristic temperature scale (from
competition between the ferromagnetic exchange and scat-
tering on the quadrupolar momentum of Nd ions) and does
not define the magnetic field scale same way as it does in the
s-d model. For LaB4:Nd, the magnetic-field scale is given by
the field that splits the I'Z quartet into two doublets. In Fig. 4,
the double-feature in the specific heat shows at uoH = 6 T,
which corresponds to T = 4 K.

The low-T magnetic susceptibility data follow a Curie-
Weiss law down to 2 K with an antiferromagnetic intercept of
=~ —(0.3 K. The nonlinear susceptibility sheds additional
light on the origin of the unexpected Kondo feature seen in
the Nd alloys. For noninteracting ions and within a quartet
consisting of two doublets with Zeeman splitting, given by g,
and g,, respectively, the linear and nonlinear susceptibilities

are x; = ((¢% + 83)/8T)(u}/kp) and x5 = —((g} + g3 +
6g385)/(192 X T3))(u%/k3), respectively. The free-ion x3
is always negative reflecting the negative curvature of the
Brillouin function. A plot of y;73 vs T then gives a constant
and deviations from this constant are consequently brought
about by the Kondo-like screening. Aninspection of Fig. 1(d)
shows that the measured y; T for LaB4:Nd is both negative
and, for 7 < 10 K, monotonically increasing with decreas-
ing temperature. The observed magnitude and temperature
dependence of x5 is similar for the other two samples
studied. These results strongly favor the quadrupolar model
in LaBg:Nd.

Quadrupolar effects are strongly evident in the elec-
tronic properties of a number of rare earth intermetallics,
most notably in the Pr skutterudites where they appear to
give rise to heavy Fermion behavior [22,23]. However, one
does not find single-ion Kondo behavior in the properties
of dilute Pr dissolved in the La skutterudite analogs [24].
No heavy Fermion behavior has been seen in the stoichio-
metric Nd skutterudites. Raman experiments as well as
detailed theoretical studies do indicate that one expects
strong quadrupolar influence in the properties of NdBg
[12,25,26]. Note that for La;_,Ce B¢ strong Kondo fea-
tures exist for all Ce concentrations and for large x anti-
ferroquadrupolar order has been found [27].

It is established that quadrupolar degrees of freedom
play a fundamental role for Ce and Nd ions with I'g
ground-state; they manifest themselves in first place
through interactions among the ions. Impurities strain the
lattice and the local lattice distortions couple to the quad-
rupolar, but not the spin, degrees of freedom of the 4f
electrons. The quadrupolar intersite interactions are proba-
bly the main reason for why it is hard to observe the single
ion limit in both, LaB4:Nd and LaBg:Ce. The induced
quadrupolar distortion could also lead to an interaction
between the I’y states and the conduction electrons.
There is no consensus about the origin of the interactions.
Kubo and Kuramoto [25] successfully described the exci-
tation spectrum of NdBg using nearest-neighbor intersite
exchange and quadrupolar interactions. A different ap-
proach emphasizing crystalline fields was proposed by
Uimin and Brenig [28]. For CeBg, on the other hand,
quadrupolar interactions between sites, [29] the RKKY
interaction arising from the Cogblin-Schrieffer model,
[30,31] and a detailed group theoretical study [32] have
been presented. The well-localized nature of the 4f elec-
trons in Nd compared to the considerable hybridization in
Ce, suggests that the interaction mechanisms with the
conduction states could be different for these two ions in
the LaBg matrix.

We acknowledge support from grant MAT2008/03074,
from the Ministerio de Ciencia e Innovacion of Spain, and
from National Science Foundation Grant DMR-0801253.
P.S. is supported by the U.S. DOE under grant No. DE-
FGO02-98ER45707. NHMFL is supported by the NSF

257201-4



week ending

PRL 108, 257201 (2012) PHYSICAL REVIEW LETTERS 22 JUNE 2012

Cooperative Agreement No. DMR-0654118 and by the
State of Florida. We are grateful to A. Camoén for his
help in low-temperature magnetization measurements.

*jolanta@unizar.es

[1] P. Coleman, in Handbook of Magnetism and Advanced
Magnetic Materials, edited by H. Kronmiiller and S.
Parkin (Wiley, New York, 2007).

[2] B.A. Jones, in Handbook of Magnetism and Advanced
Magnetic Materials, edited by H. Kronmiiller and S.
Parkin (Wiley, New York, 2007).

[3] A.C. Hewson, in The Kondo Problem to Heavy Fermions
(Cambridge University Press, Cambridge, 1997).

[4] B. Cogblin and J.R. Schrieffer, Phys. Rev. 185, 847
(1969).

[5] K. Mukherjee, T. Basu, K.K. Iyer, and E.V.
Sampathkumaran, Phys. Rev. B 84, 184415 (2011).

[6] H.D. Langford, W. M. Temmerman, and G. A. Gehring, J.
Phys. Condens. Matter 2, 559 (1990).

[7]1 A.P.J. van Deursen, Z. Fisk, and A.R. de Vroomen, Solid
State Commun. 44, 609 (1982).

[8] Y. Onuki, A. Umezawa, W. K. Kwok, G. W. Crabtree, M.
Nishihara, T. Yamazaki, T. Omi, and T. Komatsubara,
Phys. Rev. B 40, 11195 (1989).

[9] R.G. Goodrich, N. Harrison, and Z. Fisk, Phys. Rev. Lett.
97, 146404 (2006).

[10] J. Stankiewicz, S. Nakatsuji, and Z. Fisk, Phys. Rev. B 71,
134426 (2005).

[11] M. Loewenhaupt and M. Prager, Z. Phys. B: Condens.
Matter 62, 195 (1986).

[12] G. Pofahl, E. Zirngiebl, S. Blumenrdder, H. Brenten, G.
Giintherodt, and K. Winzer, Z. Phys. B: Condens. Matter
66, 339 (1987).

[13]
[14]

[15]
[16]

[17]
(18]
[19]
(20]
(21]

[22]

(23]
[24]
[25]
[26]
(27]
(28]
[29]
(30]

(31]
(32]

257201-5

J. Stankiewicz, M. Evangelisti, and Z. Fisk, Phys. Rev. B
83, 113108 (2011).

J.L. Tholence and R. Tournier, Phys. Rev. Lett. 25, 867
(1970).

P. Morin and D. Schmitt, Phys. Rev. B 23, 5936 (1981).
A.P. Ramirez, P. Chandra, P. Coleman, Z. Fisk, J.L.
Smith, and H. R. Ott, Phys. Rev. Lett. 73, 3018 (1994).
K. Winzer, Solid State Commun. 16, 521 (1975).

P. Schlottmann, Phys. Rep. 181, 1 (1989).

H. Gruhl and K. Winzer, Solid State Commun. 57, 67
(1986).

K.R. Lea, M. J.M. Leask and W.P. Wolf, J. Phys. Chem.
Solids 23, 1381 (1962).

E. Miranda, V. Dobrosavljevi¢, and G. Kotliar, Phys. Rev.
Lett. 78, 290 (1997).

M. B. Maple, E. D. Bauer, N. A. Frederick, P.-C. Ho, W. A.
Yuhasz, and V.S. Zapf, Physica (Amsterdam) 328B, 29
(2003).

Y. Aoki, H. Sugawara, H. Hisatomo, and H. Sato, J. Phys.
Soc. Jpn. 74, 209 (2005).

C.R. Rotundu, P. Kumar, and B. Andraka, Phys. Rev. B
73, 014515 (2006).

K. Kubo and Y. Kuramoto, J. Phys.: Condens. Matter 15,
S2251 (2003).

M. Sera, S. Itabashi, and S. Kunii, J. Phys. Soc. Jpn. 66,
548 (1997).

J. Effantin, J. Rossat-Mignod, P. Burlet, H. Bartholin, S.
Kunii, and T. Kasuya, J. Magn. Magn. Mater. 47-48, 145
(1985).

G. Uimin and W. Brenig, Phys. Rev. B 61, 60 (2000).
G. Uimin, Y. Kuramoto, and N. Fukushima, Solid State
Commun. 97, 595 (1996).

F.J. Ohkawa, J. Phys. Soc. Jpn. 54, 3909 (1985).

P. Schlottmann, Phys. Rev. B 62, 10067 (2000).

R. Shiina, H. Shiba, and P. Thalmeier, J. Phys. Soc. Jpn.
66, 1741 (1997).


http://dx.doi.org/10.1103/PhysRev.185.847
http://dx.doi.org/10.1103/PhysRev.185.847
http://dx.doi.org/10.1103/PhysRevB.84.184415
http://dx.doi.org/10.1088/0953-8984/2/3/005
http://dx.doi.org/10.1088/0953-8984/2/3/005
http://dx.doi.org/10.1016/0038-1098(82)90564-6
http://dx.doi.org/10.1016/0038-1098(82)90564-6
http://dx.doi.org/10.1103/PhysRevB.40.11195
http://dx.doi.org/10.1103/PhysRevLett.97.146404
http://dx.doi.org/10.1103/PhysRevLett.97.146404
http://dx.doi.org/10.1103/PhysRevB.71.134426
http://dx.doi.org/10.1103/PhysRevB.71.134426
http://dx.doi.org/10.1007/BF01323430
http://dx.doi.org/10.1007/BF01323430
http://dx.doi.org/10.1007/BF01305424
http://dx.doi.org/10.1007/BF01305424
http://dx.doi.org/10.1103/PhysRevB.83.113108
http://dx.doi.org/10.1103/PhysRevB.83.113108
http://dx.doi.org/10.1103/PhysRevLett.25.867
http://dx.doi.org/10.1103/PhysRevLett.25.867
http://dx.doi.org/10.1103/PhysRevB.23.5936
http://dx.doi.org/10.1103/PhysRevLett.73.3018
http://dx.doi.org/10.1016/0038-1098(75)90414-7
http://dx.doi.org/10.1016/0370-1573(89)90116-6
http://dx.doi.org/10.1016/0038-1098(86)90672-1
http://dx.doi.org/10.1016/0038-1098(86)90672-1
http://dx.doi.org/10.1016/0022-3697(62)90192-0
http://dx.doi.org/10.1016/0022-3697(62)90192-0
http://dx.doi.org/10.1103/PhysRevLett.78.290
http://dx.doi.org/10.1103/PhysRevLett.78.290
http://dx.doi.org/10.1016/S0921-4526(02)01803-3
http://dx.doi.org/10.1016/S0921-4526(02)01803-3
http://dx.doi.org/10.1143/JPSJ.74.209
http://dx.doi.org/10.1143/JPSJ.74.209
http://dx.doi.org/10.1103/PhysRevB.73.014515
http://dx.doi.org/10.1103/PhysRevB.73.014515
http://dx.doi.org/10.1088/0953-8984/15/28/362
http://dx.doi.org/10.1088/0953-8984/15/28/362
http://dx.doi.org/10.1143/JPSJ.66.548
http://dx.doi.org/10.1143/JPSJ.66.548
http://dx.doi.org/10.1016/0304-8853(85)90382-8
http://dx.doi.org/10.1016/0304-8853(85)90382-8
http://dx.doi.org/10.1103/PhysRevB.61.60
http://dx.doi.org/10.1016/0038-1098(95)00713-X
http://dx.doi.org/10.1016/0038-1098(95)00713-X
http://dx.doi.org/10.1143/JPSJ.54.3909
http://dx.doi.org/10.1103/PhysRevB.62.10067
http://dx.doi.org/10.1143/JPSJ.66.1741
http://dx.doi.org/10.1143/JPSJ.66.1741

